ABSTRACT
.
The Vat Komnou cemetery sample constitutes the largest archaeological skeletal series excavated from Cambodia. The osteological analysis of these remains will provide the first comprehensive skeletal analysis of an early historic period human skeletal assemblage from Cambodia.
The study of human skeletal remains from archaeological sites provides researchers with an unprecedented opportunity to document firsthand lifetime events of once living human populations (Larsen 1997 (Larsen , 2002 . These events include the health and disease, physiological stress, injury and trauma, physical activity, diet, cultural use of bones and teeth, and the demographic history of earlier human societies.
The major objective of this paper is to report on a preliminary study of several skeletal and dental indicators of physiological stress in the Vat Komnou cemetery skeletal series from Angkor Borei in Cambodia. Limited comparisons with other skeletal series from this and surrounding regions are also made. Although the sample is at times small, this examination provides one of the first glimpses of the health and disease, diet, physical activity, and lifestyles of this early historic Khmer skeletal series.
VAT KOMNOU SKELETAL SERIES Thus far, a total of 61 individuals have been identified in the remains from the Vat Komnou cemetery (Table 1) . Of these, 25 are subadults whose ages range from a few months to 19 years of age. Two of the subadults are aged between newborn and 11 months, eleven are aged between 1-9.9 years, and ten are aged between 10-19 years. Two other subadults were determined to be children. Thirty-six of the 61 skeletons were determined to be adults. At the time of their deaths, 22 were young adults, 5 middle-aged, and one was an old adult. Eight other skeletons were determined to be adults. Of the adults, 24 are male and ten are females, two are of indeterminate sex. Adult males outnumber females more than 2 to 1.
The completeness of these human remains ranges from nearly complete skeletons to only a few bones. Many of the burials are commingled (in one case the remains of at least five individuals are represented) and lack clear grave cuts. The incomplete and commingled nature of the remains is due, in large measure, to past disturbances of this stratified and densely packed cemetery, often resulting in subsequent interments in the same location. As well, excavation technique (e.g., portions of the skeleton that extended outside the excavation unit were not recovered) has impacted skeletal completeness. Overall, the preservation of the Vat Komnou skeletal remains is poor to fair; only a few burials can be characterized as being well preserved.
METHODS
The methods used to determine age, sex, stature, and to record paleopathology, including skeletal and dental indicators summarized in this paper, are given in Pietrusewsky and Douglas (2002a, b) . The chi-square statistic was used to test for significant differences.
The skeletal indicators investigated in this paper include general as well as specific indicators of physiological stress (Goodman et al. 1984) . General or episodic stress indicators, where the exact cause is unknown, include mortality data, stature, and the prevalence of defects of the enamel such as dental enamel hypoplasias. Examples of more specific physiological stressors, where the cause can usually be determined, include cribra orbitalia, evidence of infectious disease, trauma, osteoarthritis, and dental pathology.
INDICATORS OF HEALTH

Stature Estimation
Estimations of living stature from long limb bone measurements were made for six males and six females using several different stature regression formulae. The results are presented in Tables 2 and 3. Using Sjøvold's non-ethnic stature formulae male stature ranges from approximately 160.5 cm (5' 3") to 174.2 cm (5' 9"), the mean is 167 cm (5' 6") (Sjøvold 1990) . Using the same methods, female statures range from 151.1 cm (4' 11") to 159.8 cm (5' 3"). The average female stature is nearly 156.6 cm (5' 2").
A comparison of male mean statures (Table 4) indicates that the average stature for Vat Komnou adult males is close to several prehistoric skeletal series from Thailand including Ban Chiang, Ban Na Di and Nong Nor. Basic information for these and the other skeletal series used in these comparisons are given in Table 6 .
Dental Enamel Hypoplasia
Dental enamel hypoplasia results from a disruption of normal enamel development during the early years of growth (Hillson 2000) . Dental enamel hypoplasias are a non-specific indicator of stress, as a single cause can rarely be attributed to a specific defect (Goodman et al.1980; Rose 1990, 1991) . The suggested causes for this defect include a variety of nutritional, emotional, and infectious diseases affecting the mother and/or growing child. While all teeth are scored for the presence of these disruptions, they are more frequent in the incisor and canine teeth.
The total frequency of linear enamel hypoplasia in the Vat Komnou incisor and canine teeth is 8.3%, a relatively low frequency (Table 5 ). The frequency of this condition is higher (12.9%) in males than females (4.9%), a difference that is not statistically significant.
Compared to other skeletal series (Table 7) , the overall frequency of dental enamel hypoplasia in the Vat Komnou series is among the lowest. Other skeletal series that have relatively low frequencies of hypoplastic defects include Ban Lum Khao and Nong Nor, sites located in Thailand, and prehistoric Hawaiian teeth.
Cribra Orbitalia Cribra orbitalia, typically described as the presence of coarse, sieve-like openings in the orbital roof, is commonly attributed to a specific disease stress such as iron deficiency anemia, presumably caused by dietary deficiency. Stuart-Macadam has suggested that both cribra and the related condition of porotic hyperostosis are the result of parasitic infection, such as intestinal worms, rather than an indication of illness or failure of adaptation (Stuart-Macadam 1987 , 1991 .
Cribra orbitalia was scored in the right and left adult eye sockets from the Vat Komnou site. Although very few observations of this condition were permitted, cribra orbitalia was observed in four of the six male eye sockets and in neither of two female eye sockets available for observation. By individual, three of the four males and neither of the two females exhibited this condition for a combined frequency of 50.0% (3/6 adults) (Table 5) .
Compared to other skeletal series, the prevalence of cribra orbitalia in the Vat Komnou series is relatively high (50.0%). Only one other skeletal series, Khok Phanom Di from southeastern coastal Thailand has a higher reported frequency (Table 8) .
Spondylolysis
Fractures of the adult long limb bones can provide an indication of the frequency and type of traumatic, accidental and/or deliberate injury in a population. An example of healed bone fractures and/or bone trauma in the Vat Komnou remains is spondylolysis, a stress fracture in the lower lumbar vertebrae (Merbs 1989) , observed in two adult females. The overall frequency of spondylolysis in the lumbar vertebrae from Vat Komnou is 7.7% (Table 9 ). Although this frequency is relatively high, it is not significantly different from most of the frequencies observed in the other skeletal series.
Osteoarthritis
Degenerative osteoarthritis is characterized by the progressive breakdown of articular cartilage and the formation of new bone, usually manifested by the formation of osteophytes or lipping at the joint surfaces. These changes are associated with the normal wear and tear of living and are distinguished from traumatic arthritis that is related to the disruption of the biomechanical functioning of a joint. Each of the articulating surfaces of the appendicular and vertebral skeleton was systematically scored for degenerative osteoarthritis on a none, slight, moderate, and marked scale. Given that the majority of the skeletons examined from the Vat Komnou site were young adults at the time of their deaths, it is not surprising that there is little or no osteoarthritis in the appendicular skeletons.
Degenerative Changes Results
The overall frequency of slight osteoarthritis in the Vat Komnou appendicular skeletons is 19.2% (Tables 5 &  10) . A significant difference was found between the male (24.5%) and female (10.9%) frequencies of slight osteoarthritic involvement. The frequency of advanced (moderate and marked) osteoarthritis in males is 5.1% and 2.3% in females, a difference not found to be significant. Although observations are extremely limited, the most severely affected joints in the Vat Komnou appendicular skeletons are in the shoulder region followed by the elbow and knee regions. The combined frequency of advanced appendicular osteoarthritis in the Vat Komnou remains (4.0%) is most similar to frequencies reported for Ban Chiang (4.6%) and prehistoric skeletons from Hawaii (3.7%).
Vertebral Osteoarthritis and Osteophytosis
The frequencies of slight and moderate vertebral osteoarthritis and osteophytosis in the Vat Komnou remains are 19.0% and 7.8%, respectively (Table 5) . No significant differences in the frequencies of occurrence were found between the sexes. Much lower frequencies of moderate to marked osteoarthritis (0.7%) and osteophytosis (1.8%) were observed in the Vat Komnou remains.
Comparisons of moderate and marked expressions of degenerative changes in the vertebrae from Vat Komnou and other groups indicate minimal or nonexistent levels of involvement in the Vat Komnou series (Tables 11 & 12 ). The frequency of advanced vertebral osteophytosis in the Vat Komnou remains is most similar to the prehistoric aboriginal series from Taiwan, Shi San Hang.
Dental Pathology
Lastly, we examine evidence of dental pathology. Premortem tooth loss, dental caries, and dental abscessing in the skeletal remains from the Vat Komnou site were recorded on a per tooth, or tooth socket, basis. The loss of teeth before death can be attributed to several causes including periodontal disease, carious lesions, and dental abscessing (Dias and Tayles 1997; Hillson 2000; Tayles et al. 2000) .
The overall frequency of premortem tooth loss in the remains from the Vat Komnou site is low, 4.1% (Table 5) . No significant difference is found between the male (5.5%) and female (1.4%) frequencies of premortem tooth loss for this site. Although tooth ablation, or the deliberate removal of teeth, has been suggested for a number of prehistoric skeletal series from Southeast Asia (e.g., Oxenham et al. 2002; Tayles 1997) , none is observed in the Vat Komnou series.
The overall frequency of carious lesions in the Vat Komnou series is low, 3.0%. A significant difference is found between male (1.2%) and female (5.3%) frequencies of dental caries.
The frequency of dental abscessing in the Vat Komnou series is 2.4%. Again, there is no significant difference in the frequencies for adult males (3.3%) and females (0.9%) from this site.
The frequencies of premortem tooth loss, dental caries, and dental abscessing in the Vat Komnou series are closest to frequencies for the same indicators of dental infections found in several of the prehistoric series from Thailand such as Nong Nor, Ban Lum Khao, and Ban Na Di (Table 13) .
Two indicators of periodontal disease, calculus buildup and alveolar resorption, are tabulated for the Vat Komnou skeletal series (Table 5 ).The frequencies of advanced (moderate) calculus build-up and advanced (moderate and marked expressions) levels of alveolar resorption, two indicators of periodontal disease, in the Vat Komnou skeletal series are 22.5 % and 32.1%, respectively. Males have significantly more (26.6%) dental calculus than females (17.1%). There is no significant difference between the sexes in the frequencies of alveolar resorption.
The frequency of dental calculus in the Vat Komnou series is most similar to that reported for the Ban Chiang (28.3%) and an aboriginal skeletal series from Taiwan (28.9%). Significantly lower frequencies of dental calculus were observed in the two prehistoric Pacific Island samples (Table 14) . With the exception of prehistoric skeletal series from Hawaii and the Mariana Islands, the frequency of alveolar resorption in the Vat Komnou remains is relatively high in comparison to other skeletal series.
One final dental paleopathology recorded in the Vat Komnou teeth is dental attrition, or tooth wear. The overall incidence of advanced dental attrition, that exposes the dentin and pulp cavity, is relatively high in males (70.5%) and females (62.8%), a difference that is not statistically significant (Table 5 ). The frequency of advanced dental attrition in the Vat Komnou sample (67.8%) is one of the highest reported in these comparisons and closest to the frequency reported for Ban Chiang (61.2%) (Table 14) .
A cultural modification of teeth that may be useful in explaining the dental pathological conditions observed in these remains is tooth staining due to betel chewing, a practice common in many Asian and Pacific cultures today. The majority (229/ 
DISCUSSION/CONCLUSION
The evidence presented in this study suggests that the early historic inhabitants of Angkor Borei buried at Vat Komnou, with a few exceptions, were relatively healthy. Adult Vat Komnou males, on average, were approximately 5.5 cm taller than recent Cambodian and other Southeast Asian males and they are most similar to statures reported for prehistoric skeletal series from Thailand. The inhabitants of early historic Angkor Borei were well adapted and not experiencing significant disruption to growth. There is only limited evidence in these remains for skeletal changes suggestive of infectious diseases.
The relatively low frequencies of dental enamel hypoplasia in the Vat Komnou remains suggest that these early inhabitants did not experienced much in the way of physiological stress including possible nutritional deficiencies and childhood infectious diseases. The frequency of cribra orbitalia observed in these remains, although based on few observations, however, suggests that some of the people buried at Vat Komnou may have been subjected to parasitic diseases, iron-deficient diets, and/or other chronic stressors in their environment.
With the exception of some indicators of periodontal disease and dental attrition, the dental health of these early inhabitants was generally very good. The low frequencies of dental infections suggest a mixed economy, or at least one that was low in starches and sugars. It is also known that chewing betel nut has probable cariostatic properties (Howden 1984) . The significantly higher levels of dental caries observed in females might suggest differences in diet between the two sexes. The very high frequency of advanced dental attrition observed in these remains is comparable to at least one prehistoric skeletal series from Southeast Asia, Ban Chiang. The relatively advanced levels of dental attrition observed in the Vat Komnou remains may be indicative of a coarse diet, chewing betel, and/or task-related activities that involve teeth.
Evidence of periodontal disease in this skeletal series suggests a more alkaline oral environment that may be associated with several factors including the chewing of betel nut, a diet high in carbohydrates, or poor dental hygiene. A significantly higher level of dental calculus observed in the teeth of Vat Komnou males that suggests a gender difference in diet and/or the occupational/cultural use of teeth.
The very few examples of cranial or healed limb bone fractures in this small sample is surprising and suggests that there is little or no deliberate or accidental injury experienced by this early historic community. However, the finding of at least one healed skull trauma and a possible healed humerus fracture indicates that this early group was not immune to injury, deliberate or otherwise. Although the sample size is small, the relatively high frequency of spondylolysis, a stress fracture in the lower lumbar vertebrae, indicates that the early historic females at Angkor Borei are likely to have experienced heavy mechanical demands on their lower backs as a results of occupation and/or physical activities.
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